Comparison of precipitation totals measured by the automatic telepluviometer and the Hellmann rain gauge at the Warsaw Ursynów station in [2000][2001][2002][2003][2004][2005][2006][2007][2008][2009][2010]. Popularization of automatic methods of measuring meteorological elements and substituting manual methods creates a problem of maintaining homogeneity of measurement series. In such situations it is necessary to conduct measurements simultaneously, i.e. using a method being introduced and a former method. The analysis of measurement series carried out simultaneously enables comparing and relating measurements made by a new apparatus to already existing results. The present paper includes the results of the analysis of differences between daily, monthly and seasonal atmospheric precipitation values coming from a 11-year series of simultaneous measurements with a telepluviometer and the Hellmann rain gauge.
INTRODUCTION
Replacement of devices used in meteorological measurements or changing the way of conducting measurements from a manual measurement to an automatic one may cause lack of homogeneity of observation series. The situation results in the necessity of assessing the quality of data recorded by new instruments, preferably through conducting simultaneous measurement series with the use of a newly introduced apparatus and the one used so far.
In the case of measuring precipitation, lack of homogeneity of a measurement series may be brought about by various measuring errors resulting from the construction of instruments, a method of conducting measurements and weather conditions from the beginning of precipitation to the moment of conducting the nearest manual measurement. The issue was dealt with by many researchers: Goodison et al. 1998; Kejna and Uscka--Kowalkowska 2006; Kuśmierek 2006 Kuśmierek , 2008 Lorenc 2006 , Sevruk et al. 2009 .
The present work compares two observation series of precipitation values which were carried out simultaneously. The fi rst one was based on the data from automatic measurement made with a telepluviometer and the second one on the data collected using traditional (manual) methods with the use of the Hellmann rain gauge. Both rain gauges were installed at a measuring point of the Warsaw Ursynów station. The analysis of the simultaneously conducted measurement series, among other things, makes possible relating the measurements made with the new device to the already existing multi-annual measurement series.
MATERIAL AND METHOD
For the analysis the present study used the results of measurements of atmospheric precipitation from the Warsaw Ursynów meteorological station of SGGW situated in the southern part of the city. The research covered daily precipitation totals from 2000-2010. The expansion of the meteorological station which took place at the beginning of this period and, resulting from it, failures of measurement instruments and servicing problems prevented using some of the gathered data. In connection with the above, the study used daily precipitation totals measured during the warm and cold season of the year, not taking into account short periods when one of the devices was not in operation. In total, the study encompassed 1144 days with precipitation out of which 579 days occurred in the warm season and the rest were recorded in the cold season of the year. The measurements were carried out using a manual method with a standard Hellmann rain gauge and an automatic method with a telepluviometer produced by the company Theodor Friedrichs. In this instrument the measuring-transmitting unit consists of a tipping bucket (Fig. 1 ) which makes possible measurements with an accuracy of 0.1 mm and two independent heating systems which enable its work also in winter months.
The rain gauges from which data were used in the present study (Fig. 2) were located at a measuring point at a distance of 4 meters from each other. The instruments were installed in accordance with a standard employed at meteorological stations (Różdżyński 1996) .
Because of lack of full-time observer at the meteorological station, manual measurements were conducted once in 24 hours at 12:00 UTC. Both measurement methods assumed that the precipitation day lasts from 12:00 till midday of the following day (according to UTC).
Having daily totals of precipitation values, differences between the indications of the telepluviometer (P A ) and the Hellmann rain gauge (P H ) were calculated. In addition, differences in monthly, half-yearly (the warm and cold season of the year) and annual precipitation values FIGURE 1. Measurement unit in the telepluviometer P A -P H were determined. Moreover, simple regression analysis was used to determine statistical relationships between the analyzed observation series.
RESULTS
The differences in annual values of atmospheric precipitation between the examined measurement sequences varied from -8.3 mm to 22.3 mm. More frequently they assumed positive values (Table 1) , which means higher indications of the telepluviometer. The highest value of the difference (22.3 mm) was recorded in 2001 when the annual precipitation total amounted to 578.9 mm and the smallest difference in 2004 with the annual precipitation total of 550.2 mm. During the 11-year research period, negative values of the differences were recorded 5 times: in 2000, 2004, 2005, 2008 and 2010 . It was observed that the values of the differences between annual precipitation totals in the subsequent years are marked by a downward trend; thus, the quality of the obtained data was increasingly better.
The differences between monthly precipitation totals measured by the telepluviometer and the Hellmann rain gauge were within a range from -7.9 mm (August 2008) to 9.2 mm (May 2001). The biggest differences in the results were recorded in 2001 when the values were within a range from -4.3 mm (in November) to 9.5 mm (in May). In the last of the analyzed years, the discrepancy between the indications of the analyzed rain gauges in particular months changed from -7.6 mm in January to 4.7 mm in April (Fig. 3) .
The basis for all analyses of the differences between the indications of the telepluviometer and the Hellmann rain gauge conducted in the present study was daily precipitation values. These differences during the whole analyzed period were within a range from -6.4 to 8.0 mm. The most frequently occurring value of the differences between daily precipitation totals in the analyzed period (Fig.  4) was 0.1 mm, which constituted 12.5% of all cases. The second most frequently recorded difference was 0.2 mm, which occurred in 10.7% of the cases. The same indications of daily precipitation totals by both rain gauges in the course of the 11-year measurement period were recorded 117 times, which constituted 10.2% of the cases. Assuming that the measurement is equal when the difference between the indications amounts to 0±0.2 mm (which results from the accuracy of the instruments), it was recorded 546 times (47.7%). The frequency of differences being within a range from -0.5 mm to 0.5 mm amounted to 72% (831 cases). Taking into account the division of the analyzed period into the warm half-year (Apr-Sep) and the cold half--year (Oct-Mar), one can notice that a higher compatibility of measurement results was observed in the warm half-year (Fig. 5) .
In summer months the same indications of the analyzed rain gauges were recorded 75 times, which constituted 13% of the cases in that season of the year; in the cold half-year 42 such cases were recorded, which constituted 7.4% of the total number. Using average values of the differences for the warm and cold half-year calculated on the basis of daily data, one can be observe that a higher value is recorded in the warm period, i.e. +0.2 mm, whereas for the cold half-year it amounts to -0.1 mm.
After a detailed analysis of the collected data it can be noticed that only in the fi rst and the last year (2000 and 2010) of the analyzed 11-year measurement period, higher values of precipitation totals were recorded more frequently by the Hellmann rain gauge despite negative values of the differences in annual totals in those years. It means less common but signifi cantly higher indications of the telepluviometer during that time.
After considering the division of the analyzed period into the warm half-year (Apr-Sep) and the cold half-year (Oct--Mar), a high diversity of the structure of the calculated differences was observed (Table 2) . Positive values of the differences (showing higher indications of the telepluviometer) were recorded in 61.8% of the cases of days with precipitation in the warm half-year months and negative values of the differences in 13.0% of the cases. It can be explained by an immediate measurement (without additional losses during evaporation resulting from waiting for a measurement) in the case of the telepluviometer. In the case of the Hellmann rain gauge, the reading of a precipitation value may in extreme cases occur over 20 hours after the occurrence of precipitation. This, combined with relatively high at that time air temperatures which are conducive to higher evaporation, leads to lower indications of this rain gauge. In the cold half-year the differences in daily precipitation totals do not show such a high diversity; positive values of the differences occur with a frequency of 48.2%, and negative ones with 44.4%. It is mainly caused by the operation of the telepluviometer heating system, which, on one hand, enables continuous measurements in winter but, on the other hand, leads to an increase in losses resulting from evaporation. The most frequently occurring discrepancies of the indications of the analyzed rain gauges (P A -P H ) are within a range from +0.1 mm to +0.5 mm. Their frequency reaches 40.2% in the warm half-year and 39.1% in the cold half--year and, as it can be seen, it is similar in both half-years. Another of the examined ranges, i.e. a range from -0.5 mm to -0.1 mm, occurs signifi cantly less frequently. In this case a distinct difference between the frequency of discrepancies of the indications of the rain gauges in the warm and cold season can be noticed. In months of the warm season of the year the frequency of these discrepancies amounted to 16.9%, whereas in the cold months it reached 29.9%. Only within this range (-0.5÷-0.1mm) the frequency of different indications of the rain gauges was so diverse and depended on a season of the year. In the remaining analyzed ranges (of intervals of 0.5 mm each), the frequency of divergent indications in the warm and cold season was stable and changed from 2.3% to 5.8%.
As signaled earlier, in comparison with the cold half-year, in the warm half--year compatibility of the indications of the measurements of daily precipitation totals was recorded more frequently. In Figure 6 it can be seen that the same indications of the rain gauges were recorded most frequently in April and August, i.e. 14.7% in each, and 12.8% in September. In the cold season of the year, the frequency of compatibility of the indications is signifi cantly lower and changes from 3% in March to 9.5% in December. In October, the frequency of the same indications is similar to the warm season of the year. It results from the course of air temperature, which limits (delays) the need to activate the pluviometer heating system. Analyzing the statistical relationship between the value of precipitation measured by the Hellmann rain gauge and the telepluviometer, a strong positive correlation was obtained (Table 3) . For simple linear regression equations, determining relationships of monthly and seasonal (from the warm and cold halfyear) precipitation totals, determination indexes (R 2 ) reached high values. They varied within a range from 95.4 in January to 99.4 in June, July and September. In the warm season of the year R 2 = 99.1 and was slightly higher than the analogical one which was characteristic of the cold season (96.7). All the equations, irrespective of the season of the year, proved to be highly signifi cant statistically (p = 0.01).
SUMMARY
Simple determination of the causes and values of the differences between precipitation totals measured by the Hellmann rain gauge and the telepluviometer is very diffi cult. One of the factors which undoubtedly limits compatibility of indications is a different method of obtaining data: a periodical method in the case of the Hellmann rain gauge and a continuous one in the case of the telepluviometer. Especially in the warm season it leads to higher losses connected with evaporation in the rain gauge and its In the cold season of the year one should take into account the operation of the telepluviometer heating system. Even slight heating up of telepluviometer operating surfaces, to a small but noticeable degree, leads to its lower indications (in comparison with the Hellmann rain gauge). On average, in the cold season of the year the results of telepluviometer measurements were lower by 0.1 mm than those recorded by the rain gauge.
However, it can be noticed that the frequency of compatibility of the indications of the Hellmann rain gauge and the telepluviometer in warm season months is higher (from 10.7% in July to 14.7% in April and August) from the frequency recorded in the cold season (from 3% in March to 9.5% in December).
